SSME FMEA/CIL
REDUNDANCY SCREEN
Compane nt Group: Fropellant Valves Prapared; P. Lowtimamn
CIL Item: 011002 Appmved: T. Nauyen
Carpore ft: Main Fusl Valve Approval Date 813099
Part Number; R5006255 Change #; 2
Failure Mode: Falls {2 move or maves alowly, Directive #: CCBO MEY.01-5328
Fage: 1of 1
Griticahiby
Phaze Fallure ; ERect Description Hazard Referarce
3 YWhen MFY lallure s not detectable by SEN, tha lass of fuel results in failure to sslabish ignitan in one or mene eomibuetlen chambare or in 1R
4.2 excessive preburner lemperaturea. Conleollar Inltlates shutdown, Wissien sorub, Loss of vehicls dus to Ignitlen fllure ar LGX-rich ME-ETS
aperation may esollif not detected.
Redundanay Sarsena VALVE SYSTEM - SEMSOR SYSTEM: UNMLIKE RECUMDAMGCY
A: Pase - Radundant hardware items are capable of checkout duibng nema! ground lurnarosnd.
B: Pase - Lase of a redundand harchesn: fhems iz detaciable durng Mght,
C: Pacs - Lozs of redundant hardwene Resra caubd not result friom 2 singhke credible event.
b1 When shatt or coupling falls diving starl transknl, MEY cioses. LOX propeltant valves open per nonmat schedule cauaing LOX.sich i
43 aparaiinn. Logs of vehisle, ME£7S.
ME-BTM
Redundancy Screena: SINGLE POINT FAILURE: NPA,
4] When delecicd by SE11, controller switehes to channel B; I valve pasilion remging gut-of-limia, conleller initizles preumatls ahulderan; ]
4.2 failre conlinues, fugl fow continues vl vehicke ¢losure of prevalve; post ehuldswn fire; open air detanatlon when prem atuna shulcewn ME-&58
accurs on launch pad, Loss of vehicla, ME-BYB.C

RAadundancy Screens: SMGLE POINT FAILURE: MA_
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SSME “AICIL

DE...aN
Companard Graup: Fropsllant Vakves Prapared: P. Lowrkmore
CIL Itwm: 011002 Approved: T. Nouyen
Compuorent: Main Fusl Valwe Appraoval Bate; /3088
Prrl Number: R$U00256 Change# 3
Fallure Mode: Falla to move or movas slowly, Directlve #; CLCED MEY.D-5235

Pafge: 1cf 1

Besign ! Dooument Raterence

FAILURE CAUSE: A: Broken shaft or coupling.

THE 3 PIECE COUPLING TRAMSFERS TORQUE FRCOM THE ACTUATOR TO THE MPV SHAET (1) (2). THE COUPLING PREVENTS SIDE LOADS CAUSER BY ACTUATORWALVE CEMTERLINE
MISALIGKHMENT, THE SHAFT. UPFER COUFLING (3), AND LOWER COURLING (43 ARE HEAT TREATED INCONEL 718 WHICH WAS CHOSEM FOR TR CRYDGENIC STREMGTYH D‘L.IC!TIL[T;T

AMD CORROSION RESISTANCE (5)  THE INTERMEDIATE COUFLING (5) 1S HEAT TREATED NITRIDING STEEL. THIE PROVIDES CORE STRENGTH AND DUCTINTY T0 TR-QN'SIMIT I
TORQUE AND SURFACE HARDMESS TO RESIST WEAR (5), THE INTERMEDIATE COUPLING IS DRY-FILRA LUBRICATED TG REDUCE FRISTION AND VWEAR ]

(1) RSODB2SE, (2] REO0A2T; (1) RSOQE084; (4) R&DDEUES_; (S} RES-3576, (5} RSOOE1A0
FAILURE CAUSE: B:%ezure of MFY shaflbearngs.

THE WMFV (1) THRUST {2), ANC: SHAFT BEARINGS (3) ARE ROLLER BEARINGS. THEY ARE USED FOR THEIR FRICTION AND LOAD CAPACITY CHARACTERISTICS. THE ROLLERS AND
RACES ARE 440G {3} {3), WHICH WAS SELECTED FOR ITS HARDNESS, STRENGTH, AND CORROSION RESISTANCE (4). THE ROLLERS ARE SEPARATED HY A BE-CU RETAINER (2) (1)
THE SHAFT BEARING RETAINERS ARE DRY-FILM LUBRICATED (4) TO REDUCE ROLLER-TO-RETAINER FRICTION {3} THE RETAINER PREVENTS ROLLER-TO-ROLLER CONTACT SND
BAMIMIZES THE ROLLER RUBBING VELQCITY. THE RETAINER PREVENTS SEIZURE CALUSED BY ROLLER SKEWING, THE LOAW ROTATHONAL VELOCITY WITHLESS THAN it DEGREES
TRAVEL AND ONE QPENICLOSE CYCLE PER TEST PRECLUDES SEIZURE CAUSED BY WEAR OR SPALLING. THE YALVE COMPONENTS ARE CLEANED PRICR TG ASSEMBLY (51, THE
VALYE IS ASSEMBLED IN 8 CONTAMINATION GONTROLLED AREA (5. FLEL SUPPLY TO THE ENGINE 1S FILTERED TO 400.MICRONS (7). BINDING OR SEIZURE &F THE MAIN FLEL
YALWE WALL BE QETECTED BY THE ACTUATOR AVDT CONTROLLER. MOMITORS AND RESLULT M A VEHICLE COMMANDED SHUTDOWH B}y, THE 3YSTEM IS COMPRISEND QF
REOUMNDAMT SEMSOR ELECTRONICS, REDLUMNDAKNT HARNESS, AMD REQUNDANT CONTROLLER CHAMMELS,

(1) ASONESSE; (2) RES1086; (3] RES1002, RES1A97; (4) RES-A578; (8} AL10OAY; i6) RO07H-640; {7)ICO 13K15000; (5) GPAOBROOIZ PT 1232 36,1

FAILURE CAUSE:  ALL CALSES
HIGH GYGLE AND LOW CYCLE FATIGUE AS WELL AS MINIMLIM FACTORS OF SAFETY FOR THE MAKY FUEL VALVE MEE I CE| REQUIRERENTS (13 THE MFV INTERNAL COMPONERTS
PARENT MATER AL WERE CLEARED FOR FRACTURE MECHANICEMNDE FLAW GROWTH, SINCE THEY ARE NOT FRACTURE CRITICAL PARTS (2). TABLE [ 10 LISTS ALL THE EMEACIL
WELDS AND 1DENTIFIES THISE WELDS IN WHICH THE CRITICAL INITIAL FLAW SIZE |5 NODT DETECTABLE, ARD THOSE WELDS IM WHICH THE ROOT SIDE 18 NOT ACCESEIBLE FCR
INSPECTION, THESE WELDS HAVE BEEN ASSESSED A5 ACCEPTABLE FOR FLIGHT BY RISK ASSESSMENT (3). THE MAINFUEL VALVE SUGGESSFULLY COMPLETED CVS TEST
RECUIREMENTS (4), INCLUDING ENDURAMGE (5), AN VIBRATION {5).

{1JRLOBE32, CP3ADRCC0AE, RE5-8546; {2) MASA TAEK 117, {3) RSS-3758; (4] DVE-SEME-515; (8) RS5-515-1T; 8 R5S-515-24



Companeni Grou p:
GIL Ram:
Compaonant:

Part Numbar:
Fallure Mode:

Prapeilant Valves

D1ia-02

Maln Fuel Valve

RS 00 2546

Falls to mgva oF movas slowdy.

SSME FMEA/ICIL
INSPECTION AND TEST

Frepared:
Appraved:

Approval Date,

Chengs ¥:
Dlrggtive #;

Faga:

P. Lowrdmaore

T. Nguyan

afaeg

2

CLED ME3--5126

tof 2

Failura Causas

Significant Tharaclerislica

Ingpaclionis) / Testis)

Documel Referencs

SHAFT
UFPER COUPLING

LOWER COLPLING
INTERMEDIATE COUPLING

MATERJIAL INTEGRITY

LUBRICATION

tIATERIAL INTEGRITY {5 VERIFIED PER DRAWING RECQUIREMENTS.

HEAT TREAT 1S VERIFIED PER CRAWI NG REQUIRENMEMNTS,

MAGHINED FARTS ARE FENETRANT INSFECTED PER DRAMING REQUIREMEMTS.
DRY-FILM SOATING IS VERIFED PEA DRAMWING REQUIREMENTS.

MAIN FUEL WALVE
SHAFT

SHAFT BEARING
SHAFT BEARING
THRUST BEARING

MATERIAL MTEGRITY

LUBRICATION

AGSEMBLY TESTING

Al L CALFRSES

mAFY
FLEL CLEAMLINESS
ASSEMBLY INTEGRITY

MATERIAL INTEGRITY 15 WERIFIED FER DRAVWING RECUIREWENTS,

HEAT TREAT |13 ¥ERIFIED PER DRAWING REDUHREMENTS.
PRY-FILM GOATING 1= VERIFIED PER DRAWING RECLIREMENTS.

WALYE TOADLE IS VERIFIED DURING ASSEMBLY AND FUNCTIOMAL TEST OF THE MAIMN FUEL
WALVE.

WALVE 15 ACTUATED AND RESPOMEE TIME 15 WVERIFIED DURING SONTRCLLER FLIGHT READINESS

CHECKOUT. AWND OURING ACTUATOR CHECKOUT PRICR TO EACH FUSHT.

VALYE 15 ACTUATED 10 TRMES PRICRE TQ LALUNCH DURING HYDRAULIC CONDITIONING. [LAST
TEST}

RIOGEETY
RS00B0E4
FIOMA0RS
RE00I180

FE008180

FE008 156
RE002L71
RES1092
REZ179¢7
RES1I9E

RS008271
RESt0OZ
RES1087
RES1096

RC51092
RES1087

FrLOa4 53

OKRID W4 1A3003D
OMRSD W4 1450010

OMR3D SHFADZ1

FUEL SUPPLY TO THE ENGINE 15 FILTERED TO 400-MIDRONS.

FIMISHED FARTS ARE VERIFIED CLEAN FER SPECIFICATION REQUREMENTS.
VALWE IS ASSEMBLED IN & CONTAAMATICN CONTROLLED ARES,

VALVE |15 ASSEMBLED AND FUNCTIONALLY TESTED PER SFECIFICATION REQUIREMENTS.

A5 0aI5E

120 12115000
RL15001
R20711 830
RLODA5S




Propellant Walves

Maln Fuel Valve
Pard Numbar:

Fallura Moda: Falls to mova or moves alowly.

Fibpdied.
Approved:

Approval Data:

Change ¥;
DiracHve §i-

Paga:

F . Lwemaliiggg

T. HgQuyun

&30/ 00

4

CCBO WME3-p1-5229

2of 1

Failure Causes Significanl Charactenstics inspaclionts) ! Tesls)

Docurvent Refzrence

Ciormprahsnsiva fzivre histony data ks maintained In lha Frablem Reparing database (PRAMS/PRATA}
Reference: MASA Ieler $A2 /B80S and Rocketdyne eder ABRCOOTE1
Mol Appllcae.

Failure History.

Cperatganal Use;



SSMEF ~A/CIL
WELD . /INTS
Companent Group; Propellanl Valves Prepared: P. Lawrimore
CIL Item: o110 Approved: T. Hauyen
Camponent: Main Fuel Valve Approval Dale; Brag9s
Part Number: RSO0B258 Changet: 1
Direstive #; CCBD MEJ-G1.5226
Pape: 1af 1
Crilleal Inllial
Aoot  Flaw Size kot
ide Wt [Etactabla
Campansnt Baz|c Part Mumbar ¥ed Mumbar Weld Type  Claes Acemer HOF LCF Comments
BELLOWS REON2208 14 vy ] » *
BELLOWYS RSO0AZ0M 54 GTAW |
SHAFT RSOOB2T EBW ] x X

£.-3

1.2



